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Abstract-Delivering an injection correctly into the small 
diamater lumen of a tubular biological structure placed 
under the skin and not visible to the eye presents 
difficulties in medical practice. Suitable assist devices are 
currently not available. A new concept has been 
formulated to combine four modes of nonradiological 
imaging: scanning electrical impedance 
plethysmography; ultrasound; transillumination; and 
Moire topograpgy to localize the subcutaneous biological 
structure. Image data is converted to a signal which  
controls an electro-mechanical device which assists the 
medical personnel's hand holding the injection syringe to 
approach the biological structure accurately. Force 
sensors are positioned at the base of the injection needle 
coupled to signal conditioning systems and piezoelectric 
tactile vibrators. Thereby enhanced perception of forces 
felt as each biological tissue layer is penetrated is 
obtained and the common problem of excessive 
penetration overcome. Design focuses on the specific 
application of delivering an injection into the vas 
deferens in the male scrotum for reversible 
contraception. The system may be adapted for injection 
into blood vessels. 
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I. INTRODUCTION 
 
 
Even with a high degree of, skill positioning the tip of an 
injection needle accurately into the lumen of a tubular 
structure like the vas deferens of the male which has a lumen 
diameter of 0.6 mm is a difficult task [1]. The structure is 
not visible and often the structure is missed and/or the 
needle goes right through the structure [2]. Although the 
requirement is for the medical field there are no medical 
solutions. Hence technological problems of visualization 
through an opaque media, perception of low level graded 
forces and precision positioning have to be solved [3]. 
Furthermore since xrays are hazardous and xray scanning of 
the genital system is not permissible, the entire setup has to 
be nonradiological. The problem lies in finding the answers 
applicable to the present requirement and integrating the 
technologies underlying the answers into a total technology 

package [3]. Since the item is required for routine usage on a 
mass scale, expensive general purpose imaging systems and 
manipulators cannot be brought into the system. The other 
facet of the problem therefore has been to design dedicated 
subsystems specifically for the task so that the overall 
system can be of reasonable cost and becomes a practically 
usable product.  
 
As yet for routine medical care there is no guided injection 
system available. For the purpose of surgery there are image 
guided manipulators [4]. Generally these systems are based 
upon multiaxial xray images with robotic manipulators. Such 
guided systems amongst other areas have been used in brain 
surgery; surgery of the prostate, some gastrointestinal 
surgical tasks and some types of orthopaedic surgeries. Also 
more recently guided injections into the kidney and liver 
growths have been delivered. Multiaxial xray rules out the 
usage of these systems in the routine task of injections into 
the male vas deferens. Besides the cost and the cumbersome 
nature of the setup, the tissue contrast variations are not 
enough to enable use of the methology for the subcutaneous 
injections. Multimodal imaging incorporating the modes 
safely usable and relatively simple in nature is required. 
 

II. METHODOLOGY 
 
Methodologies adopted are as follows: 
 
1. A transillumination system upgraded to have different 
light frequencies to distinguish some tissue characters and 
boundaries.  
 
2. By using ultrasound A mode at frequency of 20 MHz the 
boundaries are further defined.  
 
3.  A simple Scanning electrical impedance plethysmograph 
adapted for the subcutaneous imaging. 
 
4.  Moire topography for determining the surface shape 
combined with a bar code reader probe to obtain the 
distances between the grid lines automatically. 
 
5.  A measuring technique for skin thickness based upon 
assessment of differential flexural strengths by means of 
strain gauge transducers. With the help of the technique the 
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skin thickness is determined to suitably incline the needle 
immediately after the skin puncture. 
 
6. For feedback a strain gauge sensor is affixed to the base 
of the needle ensuring that there is no leakage.  
 
7.  A nine degree of freedom  electro-mechanical actuator 
system to assist the surgeon's hand. 
 
8. For the specific application for which the device is being 
developed a viscous liquid needs to be injected into the 
lumen of the vas deferens. Motorized or hydraulic based 
piston drive does not give the necessary "feel" required for 
correct injection. The force involved in free hand drive of 
the syringe piston leads to development of tremor in the 
surgeon's hand. Applying Independent Component Analysis 
(ICA), tremor is differentiated from voluntary movement. 
The tremor movements are suppredsed by means of 
electromagnetic actuators driven in response to an inverse of 
the tremor signal.  
 
9.  An algorithm developed to coordinate the decisions 
based on the image and force data with the needle velocity 
and position.   
 
 

III. DISCUSSION 
 
 Movement resolution required is of the order of 
0.01 mm. An excess needle tip travel of 0.2 mm may lead to 
a counter puncture with spillage of drug outside the vas 
deferens. Also inspite of using a sharp tipped needle there is 
always an indentation in the wall of the vas deferens with a 
sudden "give" when the actual puncture occurs. The force 
application must quickly reduce at this time. Therefore time 
response is also an important parameter. The mechanical 
mass of a 9 degree of freedom actuator system makes 
obtaining the necessary speed difficult. Furthermore along 
with this issue the safety needs to be considered. In case of 
any subsystem failure the procedure has to be aborted safely. 
 
 The intra vas deferens injections are given under 
local anaestheia. Subject movement is a possibility. The 

system needs to "react" to the subject movement in such a 
manner that no adverse consequences ensue. 
 

IV. CONCLUSION 
 
 A system model as yet without the features of safety 
under subsystem failure and on subject movement has been 
set up at a protype level for dummy injection tests. The outer 
bounaries of the vas deferens can well be identified but as 
yet there are limitaions in respect of visualization of the 
lumen and automated boundary detection. High electrical 
conductivity of the needle is a source of disturbance in the 
electrical impedance technique application. Moreover with 
the penetration of the needle into the wall of the vas deferens 
the lumen shape and size changes. There is a marked change 
in the lumen shape axially over a distance of about 2.5 mm. 
This distance is comparable to the bevel of the needle. 
Consequently accurate control over the entire needle bevel 
length becomes difficult. These issues are being addressed. 
 

REFERENCES 
 
[1] S. K. Guha, G.  Singh, A. Srivastava, H. C. Das, J. C. 
Bhardwaj, V. Mathur, V.  Koul, R. L. Malhotra,  and  S. K. 
Das, "Two-year clinical efficacy trial with dose variations of 
a vas deferens injectable contraceptive for the male," 
Contraception, vol. 58, pp. 165-174, 1998. 
 
[2] J. A. Cadeddu, D. Stoianovici, R. N. Chen, R. G. Moore,  
and L. R. Kavoussi,  " Mechanical percutaneous renal 
access," J. Urology, vol. 159, pp.  110, 1998.    
 
[3] D. Stoianovici, L. R. Kavoussi, L. L. Whitcomb, R. H. 
Taylor, J. A. Cadeddu, H. A. Basile, and R. D. Demaree,  
"Friction transmission with axial loading and a radiolucent 
surgical needle drive," Provisional U.S. Patent of Invention 
No. 60/038, 115; 1996. Filed as regular U.S. utility and PCT 
application on Feb. 20, 1998 by Johns Hopkins University. 
 
[4] G. Layer, "Image guided interventions in liver tumours," 
Radiologe, vol.  39, pp 750-755, 1999. 

 
 
 
 
 
 
 
 
 
 
 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


